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It is to be understood that Boojum Research Limited has attended at the Joint Venture 
Group at Buchans, Newfoundland - ASARCO Inc., and Abitibi-Price Inc., for the sole 
purpose of conducting environmental work at the request of Joint Venture Group at 
Buchans, Newfoundland - ASARCO Inc., and Abitibi-Price Inc. During the time 
(January 1, 1995 to December 31, 1995) that Boojum Research Limited or its agents 
conducted environmental work they at no time had the charge, management or control 
of the property and at no time did Boojum Research Limited have possession, 
occupation or direct control of any source of contaminant that may have been present 
on the subject property/site while undertaking to carry out the instructions of the Joint 
Venture Group at Buchans, Newfoundland - ASARCO Inc., and Abitibi-Price Inc. to 
conduct environmental work. Further, as a result of conducting environmental work, 
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1.0 INTRODUCTION 
During 1995 two field trips were carried out. On each trip data were collected which 
assist in understanding the zinc removal processes and the chemical behaviour of the 
combined system (Drainage Tunnel, OWP, OEP and Polishing ponds). 
On the first trip in July the construction details were finalized for a peri-basket in the 
Oriental West pit. Rhodamine was added to the pond water and the flow pattern was 
mapped along with the distribution of the algae in the ponds. Total suspended solids 
were determined in the ponds, differentiating between areas with algae and without 
algae. Based on the flow pattern in the ponds which indicated short-circuiting of the 
water, modifications were made to the ponds through construction of alder curtains in 
pond 11, 12 and 13. On the second field trip the flow distribution was re-mapped again 
using rhodamine to assess the effects of the modifications made and further data where 
collected addressing the same overall objectives as on then first field trip. 
The research program since 1988 has lead to the construction of a full scale pond 
systems which was completed in 1994 and started to operate in 1995. The performance 
of the system is compared to the projections which were made based on the pilot scale 
system, ponds 1 to 6, and the evaluations of pond 10, which was the first larger pond 
built. The projected performance is compared to the actual performance of the completed 
pond system and is presented in Section 2. 
In Section 3 the whole system is considered and mass balance estimates are derived 
considering the removal of zinc, This removal takes place due to transfer of soluble zinc] 
into particulates or solids, which settle in the gloryholes and in the polishing ponds. The ~ 
precipitates are removed either as sedimented particles, quantified in the sedimentation 1 
traps, or the particles adheres to the biomass quantified on netting and branches. The ! 
quantification of these parameters lead to identification of the working of the removal 
process and identifies potential problem areas in the system, which are most important 
for the long term operations, 
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The question of whether or not the sediments, rich in iron and zinc, which form in the 
gloryholes and in the polishing ponds are stable “sinks” for these elements was 1 
addressed during 1995. The sediment characteristics are investigated using porewater 1 
peepers to determine the concentrations of dissolved elements in the sediments, Those 
concentrations would be contributing to a flux determined by diffusion between the 
sediment and water. In addition, benthic bell measurements were made quantifying the 
amount of oxygen consumed by microbial activity in the sediment on an area basis. 
These results are discussed in detail together with information from the literature on bog 
iron formation in Section 3. 
The potential effect of filling the Lucky Strike on the seepage flows in the vicinity of the 
Swimming pool are assessed in connection with all other recent modifications made in 
the Buchans drainage systems. These evaluations are presented in Section 4 along 
with observations on other aspects of the waste management area. On both trips some 
observations were collected in other areas of the site to facilitate comments on these 
aspects, Such comments were requested on the diversion ditch planned for the Mucky 
ditch and the seepages in the Swimming pool area, possibly driven by the rising water 
level in the Lucky Strike. This aspect was addressed in more detail through re- 
evaluation of historic and new data on the water levels in the drill holes and 
metereologial data in addition to utilizing water chemistry data. Finally, conclusions and 
recommendations are presented in Section 5. 
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2.0 THE POLISHING PONDS 
In the Ecological Engineering approach to decommissioning two principal processes are 
used. The ARUM process is used, where microbial activity in sediments mediates 
changes in the overlaying water body, reducing sulphate and raising pH. This process 
has been developed over the past IO years and performance of experimental field and 
laboratory systems have been summarized recently (Kalin et al 1995). The ARUM 
process was considered in the beginning of the Buchans project to be applied to the 
OEP and the OWP and the seepages from the waste rock pile. 
However, as the hydrological conditions became clear, application of ARUM in the OEP 
was not considered feasible, since the upwelling water would not allow the construction 
of a sediment. Tests of the ARUM process in the OEP and OWP have been carried out 
and are discussed in connection to the waste rock pile seepages (Section 4). 
The second process utilized in Ecological Engineering is biological polishing which was 
considered suitable for the effluents of the OEP. Designing criteria for this process was 
developed with a pilot scale ponds system and the full scale system is now in operation. 
In this section the results of the implementation and operation of the biolological 
polishing ponds are presented. 
2.1 THE ZINC REMOVAL PROCESSES 
The removal of zinc takes place through adsorption onto particulates which then settle “,,, 
, 
as particles onto the sediment or adsorb onto surfaces provided by attached algal ’ 
growth. A brief summary of the processes is given here, as they pertain to the 
performance of the polishing pond systems. These zinc removal processes include, first, 
settling of zinc-containing precipitates; second, adhesion of suspended solids onto algal 
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biomass surfaces; third, adsorption of dissolved zinc onto algal cell walls; and fourth, 
photosynthetically-induced pH increases, with subsequent precipitation of zinc 
carbonates. A detailed account of the chemistry which leads to precipitation was given 
in the 1992 report and is reviewed below: 
The chemical reactions which take place during precipitate formation are expected to be 
as follows. 
(1) ferrous salt hydrolysed in the water 
Fe(HC0,) 2 + 2H,O = Fe(OH), + 2C0, of 
FeCO, 2H,O = Fe(OH), + H,O + CO, 
(2) ferrous hydroxide oxidized by air 
4Fe(OH), + 0, + 2H,O = 4Fe(OH), - zinc adsorption Particle 
The dominant factor in the zinc removal process is therefore the formation of precipitates 
and their sedimentation out of the water column to the sediment. A pilot scale system 
was used to measure and quantify the changes which take place in a pond system, 
arranged in series. Retention time~and surface area are considered key factors allowing 
to precipitate formation. These are the only factors which can be altered to assist the 
removal process, and thus they are key design considerations. Retention time allows 
for oxidation of reduced iron and surface area and generated by the algae enhances the 
removal of the particulate from the water column.~ Algal growth will, in addition provide 
both oxygen and CO,, both beneficial to the precipitate formation process. 
From the pilot scale system, empirical data were generated for a period of 4 years. 
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Zinc combinations were measured at the inflow and outflow along with the evaluation of 
the effects of fertilization, mainly the addition of phosphate to the system. Addition of 
phosphate plays a dual role in the zinc removal process. It stimulates algal growth and 
oxidized iron does form relatively stable precipitates, thus again assisting the zinc 
removal process. These empirical data were used to scale up to the treatment system 
constructed in the first meadow. 
2.2 POLISHING POND DESIGN AND CONSTRUCTION 
The treatment of the combined effluent of water from the Drainage Tunnel, diverted into 
the OWP which has been connected to the OEP, was proposed in 1993 to reduce the 
zinc load to the Buchans river. The effluent from these combined sources is channelled 
though the polishing ponds, constructed in the first meadow. 
Based on the results of the pilot scale test work, two series’ of 4 ponds were 
constructed, operating in parallel. The two systems were constructed over a two-year 
period. The second series of ponds was completed by the end of 1994. 
Flow from the glory hole is, on average, 20 L/s, contains 20 mg/L zinc and has 
typically a pH of 6.5. The eight ponds have a total surface area of 26,200 m2, and a 
total volume of 12,000 m3. Approximately 31,800 alder tree cuttings have been placed 
into the ponds as substrate for algal growth. The lay-out of the ponds is given in 
Schematic I, The ponds are constructed using local till with a free board of about 1 m 
and spillways are concrete structures, facilitating limited flow control. A summary of the 
construction and operating details is given in Table la and the final pond dimensions 
are summarized in Table lb. 
In 1992, the first series of full scale ponds were built (pond 10 to 13) comprising a pond 
volume of 6000 m3 containing 16,800 cut brush pieces. Biomass growth was assisted 
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with fertilization with phosphate. During 1993 construction began on a further 3 ponds 
(14 to 17). These ponds received effluent, but biological polishing capacity was not built 
up by the end of 1994. By 1995 the pond system can be considered to be close to full 
operation, as algal biomass is starting to be built up in the newer ponds. 
2.3 PERFORMANCE - COMPARISION OF PREDICTION 
FROM PILOT SCALE AND FIRST THREE PONDS 
The performance of a pilot scale system, comprised of six ponds in series constructed 
in 1989, was monitored in order to ~develop preliminary design criteria for the biological 
polishing treatment. Alder brush cuttings was placed in these ponds as a growth 
substrate for periphytic algae. The pilot scale system has a total surface area of 400 m* 
and a total volume of 240 m3. 
A portion of the waste water stream was directed through the ponds, with flows ranging 
from 0.07 to 0.9 Us, corresponding to residence times ranging from 3 to 40 days, 
respectively. The performance of the system was assessed in terms of percent zinc 
concentration reduction, as a function of residence time. Fertilizer was found to 
increase algal growth and hence, improve the zinc removal rate. By 1993, four years 
of data were available for analysis of the biological polishing capacity of the pilot scale 
system. The analysis was used to derive design criteria for the full scale system. 
One approach to evaluating the performance of the pilot scale system is the examination 
of zinc removal in terms of flow rates and residence times. The second approach 
assesses the algal growth rate and biomass zinc concentration. The two approaches 
assume that performance of the process is either purely a function of residence time, or 
only biological in nature, neither of which is exclusively the case. 
Using the first approach, a regression analysis of the percent reduction in zinc 
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concentration versus residence time of waste water passing through the pond system ;, ,,. .,‘, 
was performed, using all pilot system data available from 1989 to 1993 (both winter and , ‘I;; T; ’ 
/ 
summer data). From this analysis, it was projected that a zinc concentration decrease ;;:,” “~ 
of 2.2 % per day of residence could be expected in the full scale system. From a 
regression analysis using 8 sets of data for summer months alone, it was projected that 
a zinc concentration decrease of 5.2 % per day of residence could be expected. The 
regression lines are shown in Figure 1. 
In Table 2a, the projected performance of the first part of the full scale system is 
presented. By setting the inflow to the full scale system (6000 m3 volume) at 4.7 L.s“, 
0.5 of OEP effluent, the residence time of this system would be 15 days. Using all pilot 
system data 2.2 % zinc concentration reduction per day residence time, a reduction of 
32 % would be projected. Using the summer data a reduction of 78 % zinc 
concentration would be expected. 
The second approach, evaluation of pond performance based strictly on algal growth 
rates and algal zinc content, was examined for comparison to the % zinc removal- 
residence time approach. This approach utilizes the biomass produced per day and the 
associated amount of zinc adsorbed onto the biomass, as the factors determining the 
amount of zinc removed per day. 
In 1993, algal growth was quantified by suspending netting of a known surface area into 
the polishing ponds and algal biomass was collected at different intervals during the 
growing season. Assuming an average growth period of 100 days, the growth rate of 
algae on netting is estimated at 0.745 g per mZ per day and for 365 days 0.204 g/m’/day. 
One (1) kg of this biomass contained 34.7 g zinc (Table 26). These growth rates fall 
marginally within the range of growth rates determined in the period October 1991 
through July 1992 with cut brush, which ranged from 0.1 to 3.1 glm’lday. In 1993, 
fertilizer (Plant Prod 10-52-10) was regularly added to the ponds between June 25 and 
July 12 and higher growth rates are noted ranging from 1.5 to 4.7 g/m’/day. 
(Appendix 1). Those high rates are not used in the estimation of pond performance. 
In Table 2b the data are presented using averages of growth rates deriving performance 
with and without fertilizer. Summer growth rate data or growth rate data averaged for 
the entire year can be used. As expected,, a lower performance is predicted for the 
entire year, a zinc removal of 18 %, or during the summer of 52.5 %. 
In Table 2c the actual performance is presented for two years of operations of 
ponds 10 to 13. The data are considered for the first year of operations taking the 1994 
taking the average measured flow into the ponds and the actual measured 
concentrations. This evaluation uses zinc load entering the ponds and leaving the 
ponds, as the removal has to be considered on a total performance, i.e., both processes 
at work. 
In the first year, the performance was very close to that predicted based on residence 
time with 31 %. However, the flow into the system was considerably higher than 
design criteria with 8.5 I/s on average, as projected with 4.7 I/s. This 
“overperformance” in relation to the projection, is attributed to the adsorption capacity 
of all new surface areas, and not those generated by the algal growth. In the second 
year the performance drops to overall 22 % removal which is closer to that based on 
the projected year round data; (32 % based on residence time and 18 % based on 
growth.) The summer data for the actual performance are very close to that predicted 
for algal growth. 
These comparisons do suggest, that indeed, algal growth during the summer is a factor 
although residence time is also relevant, Whether or not algal growth is indeed a major 
driver of the process, however, is debatable since in the summer the temperatures are ‘, 
higher and the water is more oxygenated. Both these conditions are promoting :’ 
particulate formation and, hence, biological polishing appears more effective during the ; 
summer months. Effectively, the biological activity is possibly a secondary factor to the i 
good summer performance. 
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The problem with the design criteria residence time is a factor difficult to control. Based 
on regressions from the pilot scale system with a residence time of 8.5 days removal 
was expected 15%. The observed zinc removal in the first and the second year of pond 
operations clearly indicate, that both design factors work together in the ponds, otherwise 
a lower percent removal would have been evident. 
2.4 POND OPTIMISATION 
The ponds are constructed, and indeed their performance is within the range of the 
projected performance, given the complexity of the biological - chemical regime which 
governs the precipitate formation. In this section the optimisation of the design criteria, 
although not hard core engineering criteria, are related to the performance of the ponds. 
If performance can be related to this criteria, it would be desirable to improve the ponds 
operations. 
2.4.1 RESIDENCE TIME 
In Table 3 the theoretical residence times are presented for various flows, which can be 
encountered in the effluent. The flow variations throughout the season are presented 
in Figure 2 for the OEP weir and the final effluents. The flows are presented for 1995, 
where the total flow of the Drainage Tunnel was diverted into the OWP. The variations 
in flow reflect the weather conditions, the snow-melt and the fall rain. In Table la the 
period of high and low retention time have been identified to define the period of summer 
performance based on these data, a period from May to September. It is evident that 
in fall heavy rainfalls occur. A bypass system should be considered for the treatment 
ponds, or the lower performance of the treatment is accepted during periods of high flow 
or low retention. Algal distributions and flow patterns were mapped in the polishing 
ponds during the summer and fall site visits (Schematics 2 and 3). The summer 
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mapping indicated short circuiting in Ponds 11, 12 and 13, resulting in the installation of 
berms and the addition of brush to these ponds ( Plate 1). The fall mapping allows for 
an evaluation of the effectiveness of these actions. 
Fall rhodamine tests in Ponds II,12 and 13 indicate that the installation of the berms 
has resulted in a more even flow distribution, and the elimination of the obvious stagnant 
zones. A comparison of the times the water required to reach the outflow of ponds 11 
and 13 before and after the modification made to the pond leads to increases of 
residence time from 2 h compared to 18 h for pond 11, and from 2 to 25 h when the 
stained plume had reached half way through pond 13. (Schematic 2 and 3). 
From further observations of the rhodamine plume, it is indicated that the last stained 
water left the pond after a retention time of about 14 days (G. Neary). During this 
period, the flows from the OEP were in the order of 280 USGPM to 325 USGPM 
(October 1995) with increases in the flows reporting to the final effluent reported 
as 350 USGPM to 440 USGPM leaving the system. Assuming that about half of the 
total flow went through ponds 10 to 13 the flow theoretical residence time is 6 days 
(Table 3). The discrepancy of 14 days (rhodamine test) to 6 days is explained by 
stagnant areas in the ponds, which clearly can increase the retention time of an unknown 
fraction of the water. 
The complexity of optimisation of this design criteria is further exemplified by the algal 
distribution and emergent areas in,the pond. In Plate 2 and 3 a view of polishing pond 
14 is given, showing both emergent areas and stagnant parts of the pond. Note the 
indigenous vegetation plots stabilizing the berms in comparison to the green introduced 
grass stabilisation of the berms. These types of areas are present in all ponds to 
varying degrees. Additional berms may not be the solution, as circulation can be 
impeded by the emergent area, as for example in pond 12 where an emergent area is 
located immediately west of the inflow. (Schematic 2). However, to evaluate, if removal 
of emergent areas and/ or additional modifications to increase the retention time or 
Boojum Research Limited 
January ,996 
19% Final Report 
For: ASARCO INC. 
10 
decrease short-circuiting of water through the ponds would indeed result in zinc 
reductions or better performance is essentially impossible. 
2.4.2 ALGAL AND PARTICULATE DISTRIBUTION 
In 1994 particulate measured as TSS were quantified both in open and stagnant areas 
of the ponds. More data were collected in 1995 to ascertain if, indeed, in the areas 
where stagnant water and associated algae are, less TSS is found. The data are 
presented in Table 4. The average TSS in the open areas of the ponds in 1994 was 
7.24 compared to 5.14 mg/L in the stagnant areas, hence it was assumed that the algae 
remove the particulates. In 1995, on the other, hand, the average for the open areas 
was lower in TSS than in the stagnant areas with average TSS values of 3.8 mg/L 
compared to 5.8 mg/L. This suggests that TSS can not be used to determine the effect 
of algae in the open areas. 
Overall, there has been an increase in the total area with algae distributions over the 
summer season. The surface area of “open water” has shrunk significantly in Ponds IO, 
11, 14 and 15 as algal colonies have progressively expanded into these areas 
(Schematic 3). Algae have also moved into areas with original brush that were 
previously devoid of algae. This is particularly noticeable in Ponds 12, 13, 16 and 17. 
Algae have also colonized in the areas with new brush, particularly behind the berm 
in Pond 11 and in formerly open areas of Ponds 12 and 13. Oxygen concentrations are 
only slightly higher in the areas influenced by algae and both pH and conductivity values 
are the same. It is not possible to measure the effects of algae on the pond chemistry, 
based on these parameters, 
In Figures 3a to 3d the acidities and alkalinity plotted for the pond system reflect the 1 ‘. 
removal of iron from the solution. The curves reflect changes in ponds 10 to 13 for 1994 ? 
and for 1995 and (Figures 3a and 3b) and for pond 14 to 17 in (Figures 3c to 3d.) If we 
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assume that these changes, although small between the inflow and the outflow are 
brought about by the algae population, then possibly the broader separation of the 
curves between inflow and outflow in the older ponds (70 to 13) noted in the acidities 
might be an indication of algal photosynthesis, contributing oxygen to the water during 
the day. However, as discussed above to connect this to the precipitate formation is 
difficult. Thus providing more algal growth, the effect on pond performance cannot be 
substantiated based on the available data, as the physical factors of the pond system 
cannot be separated from the biological and chemical factors. 
After these considerations neither~ residence time nor algal growth appear as factors 
which would lead to a quantifiable optimisation of the performance of the ponds. In the 
next section, physical and chemical factors are examined leading to process 
optimisation. 
2.4 3. PHYSICAL AND CHEMICAL FACTORS 
In Figures 4a to 4c data are presented which may indicate the key optimisation factors. 
In Figure 4a, the percent removal of zinc in the final effluent after passing through both 
ponds is plotted seasonally, for one year of operation of the total system. 
The percent removal reflects the earlier evaluations made on the individual ponds series; 
that is, very low removal is noted in the cold season and high removal in the summer 
season. Comparing the shape of curve of percent zinc load removed to that of the 
temperature of the OEP and that of the pH variations during the season, a very similar 
shape is noted in the seasonal trends ( Figure 4b). 
Further interesting observations can be made when the concentrations are plotted 
seasonally for zinc, in the final effluent compared to those in the OEP outflow 
(Figure 4~). In the beginning of the year the concentrations leaving the final effluent are 
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generally 1 to 2 mg/L lower than fin the OEP effluent, As the ice melts and oxygen 
enters the system, the zinc concentrations drop rapidly in April and start increasing 
again by August, just as the temperature starts to decrease. The oxygen concentration 
at lower temperatures is higher, but only if the oxygen can diffuse from the air to the 
water. This can not take place as the ponds are covered with ice. The absence of 
oxygen prevents or reduces the particulate formation, ie., gradual increase in 
concentration in the latter .part of the growing season. At the same time the algae 
growth activity reduces and thus a lower contribution of oxygen from the biomass in the 
ponds, as the temperature drops and the ice starts forming, wind circulation is also 
reduced. 
In addition, just as the ice cover is formed by November, the retention time is greatly 
reduced (0.5 of pond volume, G. Neary pc.) but the concentrations and flows which 
come from the OEP increase or show greater variation (Figure 4~). This suggests that 
the same processes take place in the OEP as less zinc is removed through 
coprecipitation in this water body also. 
In Figure 5 the flows leaving the OEP and the final effluent are plotted again seasonally 
from 1992 to 1994. Not only was there an increase in zinc concentration noted in the 
fall culminating in the winter month, but also the flows vary considerably annually after 
August. (Figure 5). Thus, fluctuations in flow and increases in concentrations to the 
polishing pond system results in “non performance” during the winter months. To confirm 
the observation in prior years of the increase in zinc concentrations during the latter part 
of the season and the decrease as the ice melts Figure 6 shows the zinc concentrations 
seasonally from 1992 to 1994. The same trend is noticeable. With these considerations 
on factors affecting the ponds performance it appears that the precipitate formation is 
of outmost importance and requires addressing. 
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2.4.4 PRECIPITATE CHARACTERISTICS 
Precipitates are collected in the polishing pond system on branches and netting 
(Plate 4). In addition since 1990 sedimentation traps have been suspended in the OEP ~ 
to collect precipitates and determine amounts of precipitates formed and the rates at 
which the precipitates settle. Five (5) plexiglass tubes are installed into a plate which 
is held horizontal in the water column (Plate 7, pg 56, Report 1990) collecting precipitate. ; 
The amount of precipitate is then collected and the water evaporated until the material 
makes a paste which is dried at 110 ‘C for 24 h. The biomass is washed off the netting 
and the branches and processed in the same manner. Material is then ground in a hand 
mortar and sent for chemical analysis to a certified laboratory. The organic content is 
determined through L.O.1, where the material is subjected 1 h at 480 ‘C in crucibles 
which are reweighed after cooling. 
In Tables 5a to 5c the chemical composition of the precipitates are presented. It was 
assumed prior to this year, that the precipitate formed would be the same throughout the 
system and at least, very similar to that collected in the sedimentation traps, on the 
netting and on the branches. However, observation on the texture of the material 
collected on the netting appeared different from that of the branches and different 
texture was noted between the locations (OWP, OEP and the polishing pools). Thus all 
material collected in previous years, but not analyzed, and all material collected in 1995 
were submitted for chemical analysis. 
In Table 5a all those elements which are present in significant concentrations are 
presented for OWP and OEP, comparing netting branches and precipitate collected in 
sedimentation traps for 1994 and 1995. The concentrations for iron and zinc show large 
variation in concentrations, ranging for iron from 8.4 % to 28 % in the OWP and in the 
OEP from 16.5 % to 41 %. The zinc concentrations range in the OWP from 0.6 % to 2.4 
% and in the OEP from 1 .O % to 5.8 %. Generally lower concentrations of iron are noted 
in the material in the polishing ponds (Table 5b) where iron ranges from 1.4 % to 15 % 
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and zinc from 1.2 to 4.7 %. This zinc in the solids formed in the OEP are similar to 
those in the polishing ponds. Copper concentrations also change, ranging from 0.08 
% to 3.1 % in the OWP, from 0.02 % to 0.06 % in the OEP and being even lower in the 
polishing ponds with 0.009 % to 0.04 %. 
The Loss On Ignition, reflecting the organic, hydrated and the carbonate component of 
the solid material has also been assessed, expressed in % L.O.I. In Table 5c the 
available data are presented. As expected the % L.0.I in the material from the OWP 
and the OEP are somewhat lower than in the material collected in the polishing ponds. 
Unfortunately, the data set is small, but at least the expected differences are noted. 
These large variations in the elemental composition in the precipitates collected in the 
different locations were analyzed further. 
In Figures 7a to 7d the concentrations in the solids including all materials (netting, 
branches and sedimentation traps) are plotted for elements which might be involved in 
hydroxide formation and hence in coprecipitation of zinc. In Figures 7a and 7b the data 
are plotted with increasing concentration of iron versus the concentration of copper and 
zinc. Essentially the plots reveal that along the iron concentration gradient, the 
locations are clearly separated, ie., OEP with the highest iron concentrations, allowed 
by OWP and lower concentrations in the polishing ponds. The zinc concentrations 
however are similar in both the OEP and the polishing ponds and low in the OWP. This 
does suggest, that zinc removal takes place in OEP and the polishing ponds but less 
is removed in OWP (Figure 7a). The same data sorted along the iron concentration 
gradient for copper (Figure 7b) suggest that in the OWP the copper concentrations are 
higher than both in the OEP and the polishing ponds, Examining the relationship of 
zinc concentrations used as the gradient, for aluminium (Figure 7c) and manganese 
(Figure 7d) again a distribution is evident for manganese by location but essentially 
similar concentrations are noted for aluminium in relation to zinc concentration 
Given these relationships of iron concentration to zinc with location a brief examination 
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of the elemental ratios was undertaken. In Figure 8a the ratios of zinc and iron are 
presented, suggesting that when zinc is removed from the water either in the OEP or 
OWP it’s ratio is not affected, indicating a similar mechanism is involved in the 
precipitate formation. However in the polishing ponds, other mechanisms are likely 
involved, as the iron/zinc ratio in the solids is higher. One possibility is that in the 
polishing ponds, due to the biological activity, the precipitate is dominated by a 
carbonate, whereas in the OEP and the OWP the precipitate is predominantly a 
hydroxide, leading to the drfferent elemental ratios, The ratios of copper to iron are 
plotted in Figure 8b. These ratios suggest three groups of precipitate formation 
processes, lowest ratios in the OEP, slightly higher in the polishing ponds and highest 
in the OWP. The ratios for aluminium and zinc suggest possibly two mechanisms of 
precipitate formation, both operating in the OEP and the polishing ponds, but a 
different mechanism is present in the OWP (Figure 8~). The ratios for manganese and 
zinc suggest two mechanisms, again different for the pits than for the polishing ponds 
(Figure 8d). 
In 1993 geochemical simulations were carried out for the mixing of Drainage Tunnel ~~; 
water with OWP or OEP. Prediction based on saturation indices for potential j 
precipitates were made for different water mixing ratios, but not for the existing mixture 
Drainage Tunnel (what remains of OWP) and then OEP. If it is assumed that the 
Drainage Tunnel water is indeed replacing all of the OWP water, and that the OWP 
water is no longer part of the equations as it would be replaced by Drainage Tunnel in 
about 3 months, then the simulations of Drainage Tunnel to OEP would apply. 
Mineral precipitates which potentially form were Fe (OH),, Fe(OH), ZnSiO, quartz as well ‘pi 
as gypsum. The potential for mineral precipitation to take place was evident, and from ! 
the simulations different minerals were formed in the mixture Drainage Tunnel OWP than 
in that of Drainage Tunnel and OEP. The simulations support the observations made 
on the elemental composition of the precipitates along with the ratios in the solids which 
suggest that in different parts of the treatment system, different precipitates are formed. 
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The relationship of the water characteristics, the conditions above and below the 
thermocline and the precipitate formation has to be investigated further. 
This is particularly the case, when the recent changes in the stratification of the OWP 
and the OEP are considered. In Figure 9a and Figure 9b the limnological profiles 
collected since 1992 are presented for temperature, pH, electrical conductivity and 
dissolved oxygen. It can be noted that since the Drainage Tunnel was diverted to the 
OWP, a thermocline and somewhat of a chemocline has developed in the OWP. The 
conductivity has increased below the thermocline in both pits in 1995. This further 
suggests that chemical changes are taking place which need to be understood. 
2.4.5 PRECIPITATION RATES 
In order to remove zinc, not only is it necessary that a precipitate is formed but it also 
has to settle to the bottom of the pit or the polishing ponds. In Table 6 all sedimentation 
rates collected in various locations are summarized, presenting the actual dry weight in 
the sedimentation traps converted to a rate per m* based on the surface area of the 
tubes in the sedimentation traps, and the number of days the trap was collecting an 
amount, is kg/ m*/day is derived. It is not surprising that the numbers vary in relation to 
depth and in relation to the number of days over which precipitate is being collected. 
Given the documented seasonal changes in the thermocline the iron precipitation rate 
is expected to change. Therefore the precipitation ranges are expected to change. 
Several of the bottom of sedimentation rates are very high (Figure IOa) which might be 
a result of the trap being sunk into the accumulated material at the bottom. If the higher 
values are omitted (Figure lob) then the average precipitation rate for the pit is generally 
around 100 kg for the OEP per day. Considering only the long time intervals of 
suspension of the trap approximating close to a year (Table 6), this value appears to 
represent the annual rates, It is therefore reasonable to assume, that indeed a rate of 
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100 kg per pit per day is a representative value for the year. This value of 100 kg/day 
is of importance, because it determines the rate by which the zinc is removed from the 
OEP. For the OWP the sedimentation rate is an average 27 kg/pit/day which has been 
quantified in 1994 and 1995 with a trap placed below the thermocline. 
As iron is continually precipitated to the bottom of the pit, the question is relevant if the 
iron concentrations are increasing at the bottom. In the lower part of the pit iron could 
be present as iron carbonate, which would have different adsorption characteristics than 
iron hydroxide. The differences in the precipitates at the top and the bottom of the pit 
have to be analyzed further than is done at present. This requires a mass balance 
between liquid and solids of ion. 
Total iron concentrations have been determined with depth for the pit (Table 7). The 
variability is very high in the concentrations gradients; and it is difficult to draw 
conclusions with respect to a vertical concentration distribution and with respect to 
changes over time. Therefore, is it suggested, given that these processes are relevant 
to the zinc removal in the system, a solid data set be collected throughout the season 
in 1996. 
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3.0 LONG TERM BEHAVIOUR OF THE SYSTEM 
The key question which requires some contemplation is whether or not at this point the 
polishing ponds system should be extended beyond the first meadow. In order to 
evaluate the expansion some basic considerations are presented in this section. 
3.1 LONG TERM CONDITIONS 
In Table 8a the parameters used to assist in this evaluation are summarized. As 
discussed previously, a sedimentation rate of 27 kg/pit/day for the OWP and 
100 kg/pit /day is used. The data are presented, both for 1994 and 1995 to allow 
evaluations of the effects of fertilization, which was carried out consistently throughout 
1995. The data which have been used to derive these parameters are given in 
Appendix 1 and those values used to derive average values are indicted. In Table Ba, 
the average values for biomass production as well as sedimentation are summarized. 
In Table 8b those parameters used for the long term evaluations which are relevant to 
the contaminant loadings are summarized, such as flow, zinc concentrations and 
expected 30% average for performance of the polishing ponds at present flow. These 
two tables represent the assumptions made for the long term evaluations. 
In Table 9 each step of the evaluation is presented. Given that since the 1995 flow 
from the Drainage tunnel is well known, by subtracting it from the flow leaving the OEP, 
the groundwater contribution entering the system can be determined. It is with this new 
data set, it can be concluded that indeed the water in the OWP was a “dead water body” 
which agrees with the interpretation given to the decreases in zinc concentrate; which 
had been occurring each year with the spring runoff. Thus the volume of groundwater 
inflow is 10.9 L/s. 
The zinc loading in the ground water can be derived by the subtracting the Drainage 
Tunnel zinc load from that of the OEP. The total zinc load in the ground water is, that 
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portion of the load (OEP-DT) in addition to ioad removed by sedimentation, which is 2.7 
kg per day for both pits. (Table 8a). Therefore, in the groundwater, 16 kg/day of zinc 
enters the pit. This represents in the groundwater volume zinc concentrations of 17 mgll. 
Considering the annual decrease in zinc loading from the pit, (Figure 11) for 1995 and 
average decrease (assuming a continual depletion of zinc precipitates in the 
underground working) of 1.5 mg/l per year, as a conservative decrease. This would bring 
the groundwater contribution by the year 2000 to 9.5 mgll or a load of 8.9 kg/day. It is 
assumed that the Drainage Tunnel contribution is not going to decrease, as the exposed 
workings appear to continue to generate zinc or for other reasons, (AMD generation in 
the overburden), some steady state is established in this system. Although flows may 
increase due to the Lucky Strike filling, but this can not be confirmed at this point. 
With the assumption that the flow rate and the concentrations remain the same from the 
Drainage Tunnel, the total load the system has to treat by the year 2000 is 20.3 kg/ day. 
Assuming the iron precipitation rate remains the same the effective load to be removed 
is 17.6 kg/day compared to what is leaving the OEP in 1995, 24.7 kg/day. Assuming that 
it will not be possible to improve the polishing ponds performance, ie., being extremely 
conservative, a reduction of only 30 % is estimated, reducing the load leaving the system 
to 12.4 kg/day or concentrations of 7.5 mg/l of zinc. 
It is now considered that biological polishing would be implemented in the OWP and the 
OEP. Using the parameters developed in Table 8a where a surface area of at least one 
pit area is used, it is assumed that fertilization is carried out to maintain the growth rates, 
and it can be expected that 2.1 kg/pit /day through precipitation, resulting in a reduction 
of zinc load leaving the OEP. Thus the load leaving to the polishing ponds is 15.5 
kg/day, and assuming a 30 % reduction due to the polishing ponds we expect a final 
concentration in the effluent by the year 2000 of 6.6 mg/L. During the summer, of 
course, a lower loading is expected with higher pond performance. 
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To verify these predictions a comparison is made to those predictions made earlier of 
the OEP in 1992. In Table 10 the predicted loadings and the actual loads measured 
are compared. The predictions which were made at that time only on precipitation rates 
in the OEP pit, are very close to the actual loadings. This provides confidence in the 
general understanding of the system. Given these considerations are very conservative, 
it does not appear that increasing the polishing system to the second meadow is justified 
at this time. Efforts to optimize the precipitation formation process through gaining some 
better understanding of the processes controlling it, appear more appropriate. 
3.2 THE SEDIMENT AS A SINK 
One of the key questions which needs to be addressed is the ultimate fate of the 
contaminants in the sediment. It is assumed that the sediment provides stability for the 
contaminants in providing conditions for remineralisation of the iron along with the zinc. 
The sediment stability will depend on the microbial activity and the interactions between 
the sediment and the overlaying water. Porewater peeper have been inserted into the 
sediment in 1994. The porewater peepers are equipped with a semipermeable 
membrane, which is filled with distilled water, deoxigenated prior to insertion into the 
sediment, penetrating about 30 cm into the upper portion of the sediment. 
In Table 11 the porewater peeper chemistry from the retrieved solutions is presented. 
If the porewater peeper was functioning correctly and no contamination took place during 
retrieval, then the zinc concentrations in the solutions are therefore those concentrations 
which are able to flux from the sediment to the overlaying water. As zinc accumulates 
with the iron, if zinc concentrations available to flux are greater in the sediment than in 
the overlaying water, the sediment would not function as a contaminant sink. 
In 1994, porewater peeper were placed in the old polishing ponds 1 and 6 and in 1995 
this was repeated for pond 1 and peepers were placed in pond 10 and 13 (Table 11). 
The results in 1994 and 1995 are similarly varied in that essentially the concentrations 
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range from those similar to the overlaying water in porewater to lower concentrations. 
The concentrations in the surface water of polishing pond 1 were 12.6 or 12.4 mg/L of 
zinc (October 1995 samples). The porewater concentrations were much lower or only 
slightly lower. 
The sediments in Polishing ponds 1 and 6 are the oldest sediments generated with 
biological polishing. If the amount of zinc accumulated is a factor in the concentrations 
available to flux, then one would expect higher concentrations in ponds 1 and 10 than 
in polishing ponds 6 and 13 due to the serial arrangement of the ponds. If the time of 
accumulation, ie., the age would affect the mobile concentration, one might expect 
differences between the older (land 6) and the younger (10 and 13) ponds. 
To ascertain if a difference exists with respect to age and/or accumulation quantity the 
data are plotted in Figure 12a for PPI and PP6, and Figure 12b for PPIO to PP13. The 
porewater concentrations in these ponds do not reflect changes in porewater 
concentration which appear to be related either age or amount of sediment accumulated. 
Higher porewater concentrations are evident in pond 6 compared to pond 1. In the 
younger ponds IO and 13 the differences are reversed, in that pond 10 has higher 
concentrations than pond 13, which should have the lowest accumulation of iron 
precipitates as it is the youngest and most distant pond. In Figure 12c and 12d the 
porewater concentrations of all elements are compared for all the ponds. It can be noted 
that, generally, the elemental compositions are very similar. The data collected clearly 
indicate that mobile concentrations in the sediment of zinc are not exceeding those of 
the overlaying water. These findings should alleviate concerns that at one point the 
sediments would result in a zinc source to the water. 
In the short timeframe available, it is not expected that differences can be noted in the 
porewater, as suggested when the literature is consulted. The conditions in the 
sediments in the Buchans polishing pond resemble those of bog iron formation, a 
process which takes place over a timeframe likely greater than 100 years. 
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In Table 12 water characteristics are reported from a spring from which bog iron 
formed, and these water characteristics are compared to the Buchans water. The iron 
concentrations are different as in Buchans they have precipitated already, but the OEP 
bottom and porewater concentrations are in the same range (Table 7) of the spring 
water, along with the concentrations of aluminium and phosphate. It is interesting to 
note that silica minerals were predicted to potentially precipitate based on the 
geochemical simulations carried out in 1992 on mixtures of Drainage Tunnel and OEP. 
It appears that they are relevant to the bog iron formation. Unfortunately our analysis 
does not include Si and thus the concentrations can not be compared. The long term 
fate of the iron precipitate can be expected to follow the diagenetic path of bog iron. 
In Figure 16a titration curve is presented indicating the pH ranges in which metal 
precipitates are forming, including most of the elements relevant to the Buchans 
situation. Although in the bulk water, a pH of 6 to 9 is not generally measured, in the 
algal films or the biomass on the cut brush, such pH ranges could be attained. The shift 
in proportions of the precipitates (Figure 7d) noted on biomass collected in the polishing 
ponds, is suggesting that Mn is indeed precipitated onto the biomass, and supports the 
precipitation facilitated by the alga& 
With these chemical parameters for precipitation of metals in mind, the fate of the 
sediments will be similar to those given in Schematics 5a to 5c. A brief discussion is 
presented according to Borchert ( Genesis of Marine Sedimentarv Iron Ores, 1963. 
References cited are omitted): 
“lf seems appropriate first to recall the better-known behaviour of iron under 
continental condifions. Figure 51. illustrates the conditions characteristic of a 
Tundra milieu, with its cold and humid climate and high groundwafer level. 
The accumulation of plants and humus in swamps and marshes produces 
reducing conditions in fhe surface waters. Such environments are favourable 
for the solution of iron and to a lesser extent, under extremely acid conditions, 
of aluminium also. The accumulation of humus is not only important in 
bringing about a reducing environment, but by causing the partial 
decomposition of organic matter it also produces abundant CO, and 
Fe(HCOJ,. 
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“‘Figure 5b. illustrates the behaviour of iron and manganese in a bog-ore 
environment, their distribufion being somewhat analogous to those pertaining 
to marine conditions. The prihcipal processes are as follows. 
“Groundwaters carry bicarbonates of iron and manganese in solution under the 
protection of organic substances and these solutions reacf near the bottom of 
the lake wiht oxygenated waters not far distant from the atmosphere. All the 
organic substances are first oxidized, thereby producing carbonic aid. Then the 
iron bicarbonate is oxidized in preference to manganese, which is more soluble 
and has a lesser tendency to oxidize. The ionic solutions of manganese 
bicarbonate therefore attain a colloidal state and coagulate later than the 
corresponding iron hydroxide. Thus a clear separation of iron and manganese 
ores normally takes place. However, one factor causes the simultaneous 
precipitation of iron and manganese-namely, fhe positive charge of the 
colloidal iron hydroxide particles, causing adsorption of anions, such as 
P04-3, AsO,-~ and V04-3 and the negative charge of the manganese 
hydroxide particles, which correspondingly cause the adsorption of 
cations, such as Ba” and Co”. These relations are also important in 
connexion wifh the origin and sfructure of oolifhs in marine iron ore facies. I’ 
Sediments serve as both a source and sink of compounds. Consumption of dissolved 
oxygen by sediments establishes a concentration gradient between concentration in 
overlying water and a concentration at the sediment surface. Subsequently, there is a 
flux of dissolved oxygen from water to sediment. 
One approach to calculating fluxes of dissolved species at the sediment-water interface 
is to treat all mixing processes in terms of diffusion coefficients (Berner, 1980). Adding 
these coefficients to the usual molecular diffusion coefficient and using Fick’s law of 
diffusion, the total flux across the sediment-water interface can be computed as the sum 
of diffusive and advective fluxes (Maran et al., 1995). 
Maran et al. (1995) point out that this approach has some shortcomings outlined briefly 
below. First, the contribution of bioturbation and current stirring is difficult to quantify; 
in most studies, mixing processes other than molecular diffusion are eventually ignored 
and the coefficient of Fick’s law is set equal to the molecular diffusion coefficient. These 
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workers also site other studies where the total flux at the sediment-water interface can 
be two orders of magnitude higher that the flux due only to molecular diffusion, which 
suggest that the role of other mixing processes such a bioturbation need to be 
incorporated. Finally, these workers point out the difficulty of obtaining representative 
samples at the sediment-water interface required for determining the concentration 
gradient in this region. 
One of the key factors in bog formation is organic matter, which through microbial activity 
contributes to reducing conditions. Although through Eh we know that reducing 
conditions prevail in the deeper portion of the sediments, to test the rates of microbial 
activity measurements have been made with the benthic bell. These measurements 
obtained are presented comparing the iron rich polishing pond sediments to natural 
sediments and to sediments covered with plants (Figures 14a-14d) which would produce 
oxygen. 
The benthic chamber technique has been employed in the last decade for direct 
measurement of the net fluxes of substances across the sediment-water interface, 
regardless of the processes occurring in this zone (Billen et al., 1989; Garban et al, 
1995; Hohener&Gachter, 1994; Maran et al., 1995). These chambers enclose a known 
volume of water overlying a known area of sediment. The net flux of a compound can 
be estimated by measuring the change in the concentration of the compound in the 
chamber as a function of time. These concentrations can be compared to the bulk pond 
water during the experiment allowing an assessment of the representation of the 
amounts A brief description of the benthic ball is provided below. 
Benthic Chamber: A four-sided pyramid-shaped chamber with an open bottom was 
constructed using four equilateral triangles with 42 cm long sides (Schematic 6). The 
chamber was constructed using 0.5 cm thick clear polycarbonate sheets. The chamber 
is designed to be pressed into the sediment such that the 12 L of water inside the 
chamber are isolated from the water body at large. The chamber covers 0.176 m* of 
sediment surface. 
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The benthic chamber is equipped with an electric stirrer (120 rpm) and a port for 
mounting a YSI dissolved oxygen electrode. Water drawn from the chamber via a plastic 
tube by a peristaltic pump (12 VDC, 120 ml/minute) up to the water body surface and 
returned to the chamber via a second plastic tube. Water inside the chamber can 
therefore be sampled at the water body surface by drawing off a sample from the 
peristaltic pump system. In Plate 5 the set up is depicted besides polishing ponds ?. 
Field Experiments: Benthic chamber experiments were performed in Newfoundland 
Buchans, Polishing Ponds 1 and 10 representing iron rich sediments not very rich in 
organic matter, northern Saskatchewan Upper and Lower Link lakes, sediments iron 
poor and very rich in organic matter and finally in northern Ontario in Mud Lake where 
organic rich sediments are enriched in iron. 
At each location, the benthic chamber was purged of air and lowered to the sediment 
surface. The chamber was pressed approximately 1 cm into the sediment so as to 
isolate the enclosed water. The oxygen probe was calibrated and inserted in the benthic 
chamber. The stirrer was turned on. The plastic sampling and return tubes were purged 
of air and circulation of water between the chamber and the peristaltic pump 
commenced. 
Dissolved oxygen concentration readings were taken at intervals over the experimental 
period. The pH, conductivity, temperature and redox inside the chamber were measured 
in 50 mL samples collected from the circulation system. These same measurements 
were taken for surface water samples at intervals over the experimental period. 
In Figures 14a and 14b the oxygen consumption rates are presented for the organic rich 
sediments and they can be compared to the oxygen consumption measured in the iron 
rich sediments for the Buchans polishing ponds. It is not surprising that these rates are 
slightly lower than those of organic rich sediments, but the important key observation is 
the fact that despite the high iron content, they are consuming oxygen resulting from 
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the microbial activity. The Buchans ponds produces oxygen consumption rates of 6.4 
kglm’lh, in comparison to organic rich sediments with rates at 46 mglm’lh - 23 mg//m*/h. 
From these observations along with the concentrations measured in the porewater 
peepers it can be concluded that the sediments in the polishing ponds and in the OEP 
are and will indeed be stable in the long term and their fate appears to be likely that of 
bog iron formation. This could only~ be enhanced through the addition of organic matter 
if it is found that algal production is in insufficient supply. If this is the case, it cannot 
be determined at the present time. Carbon supply requirements for Ecological 
Engineering system are presently evaluated. 
4.0 THE BUCHANS DRAINAGE BASINS AND THE WASTE MANAGEMENT AREAS 
With the filling of the Lucky Strike and the diversion of the Drainage Tunnel into the 
OWP which was connected to the OEP several changes have been introduced to the 
hydrological system. It was decided, given the complex hydrological conditions of the 
site, that as a first cut, the available data including water levels in Drill holes and water 
chemistry data would be utilized to update the assessment made on the hydrological 
situation which was summarized in the beginning of the project. 
R.O. van Everdingen, familiar with the site and the project summarized the data supplied 
by G. Neary and made conclusion and recommendations in point form. This approach 
to evaluation of the data leads not only to more confidence in the conclusions 
presented, but facilitates an overview, which is useful given the site complexity. This 
report is included as Appendix 2. 
One of the key questions was a potential increase in discharge volume and zinc 
concentrations in the Drainage Tunnel due to the Lucky Strike filling. Seepages in the 
vicinity of the swimming pool may also be influenced by the water level in the Drainage 
Boojum Research Limited 
January ,996 
27 
1995 Final Repolt 
For: ASARCO INC. 
Tunnel - Lucky Strike. These evaluations were made and greatly assisted by the new 
records of evaporation, collected in the past years by G. Neary. The following 
observations can be made, based on the data update. 
The water level in the Lucky strike has reached nearly natural levels and the 
observations from the drilfholes in the vicinity of the Lucky Strike suggest, that the pit 
is unlikely loosing water in undefined directions. Unfortunately the meteorological 
precipitation in 1995 was unusually high which might have contributed to the slightly 
higher and more variable flows noted at the Drainage Tunnel and the OEP. Thus the 
rise in Lucky Strike water level may not be the only factor in the increased flows. With 
continued monitoring this uncertainty can be eliminated. 
One of the repeated shortcomings is the absence of complete water chemistry which 
would facilitate firmer conclusions on acid generation processes, seasonal variations and 
long term trends. However from the available data it does become clear, that the 
effluent characteristics from all sources are very similar. It is possible to identify the 
source, as either waste rock, tailings and underground workings from the water 
characteristics alone. 
In summary, the confidence level of understanding the system is increasing. The 
geochemical simulations carried out in 1992 reflect the observations on the precipitates 
collected in OEP and the polishing ponds. Therefore the geochemical behaviour 
elucidated for the OEP can be applied easily to the conditions in the Lucky strike. It 
appears from the evaluations of the existing data that increases in zinc are evident in the 
Lucky Strike. This could be due to ongoing oxidation or remnants from AMD from the 
workings, which slowly move to the pit. 
The valley seeps, also referred to as swimming pool seeps, appear , based on their 
chemistry to be related to the Lucky Strike and the Drainage Tunnel. In Schematic 7 the 
location of the Valley seeps in relation to the Lucky Strike are shown. It is not surprising 
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that the chemical characteristics reflect those of the drainage system. At this point in 
time however, insufficient flow data are avaialbe to connect their flow to that of the Lucky 
Strike increased water level. 
4.1 WASTE ROCK PILE SEEPAGES 
In 1994 main seepage paths in the areas below the waste rock pile had been identified, 
and water had been sampled for chemical analysis. In 1995 the sampling of these paths 
was continued, to determine if the first sampling would reflect a representative load to 
be treated by ARUM. In Table 13 the data are summarized for both years. In the month 
of July, sampled both in 1994 and 1995 flows and concentrations of zinc are similar, and 
for the October reading the concentrations and flow have increased slightly. 
It was suggested that ARUM be implemented in this location, but due to repairs on the 
polishing ponds, construction activities in this area have been delayed. Waters have 
been sampled sporadically from the limnocorrals in 1994 and in 1995. The interesting 
observation from the Limnochoralls 1 to 3 is that the chemistry characteristics in the 
control changed, and hence, it provides evidence that indeed the water was not sealed 
off entirely from the pit at large (Table 13). The organic matter supply in the limnocorrals 
should ultimately be exhausted which is indicated from the rising zinc concentrations. 
However there is still a difference induced by the organic matter in the limnocorrals. 
Scale up of the ARUM process for the seepages should produce a reduction in zinc 
load leaving the seepage area to the Ruchans river. In 1995 a gradual scale up has 
been implemented in a lake contaminated with AMD from ground water. The results of 
this work will assist the scale up of this process should it be considered at a later stage. 
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4.2 HOSPITAL - MUCKY DITCH 
In plates 7 and 8 a view is given of the Mucky ditch and the stabilisation plot with a 
PHITO application. Although it appears that the plot has survived one season of high 
flows, the area is principally a large source of contaminants due to the exposed tailings. 
In Schematic 8 the sampling locations are given for this area. 
In Table 15 the physical characteristics of the seepages are presented to highlight one 
point. As the flow is lower in 1995 at the time of sampling, than in 1994, the pH is 
generally lower, the conductivity higher and the redox potential is higher. Clearly the 
oxidation products in the tailings are the source of the problem. The fluctuations in flow 
into this area due to precipitation and continuous groundwater discharge from the hill 
provide ideal conditions for oxidation and hence the high metal loadings to the Buchans 
river. 
The most sensible approach to reducing the metal loadings from this area is to divert 
clean groundwater or water discharging into the exposed tailings from the hill away from 
the tailings. The locations surrounding the surveyed diversion ditch was assessed by 
M.Kalin. It appears that to find the optimal location, some water discharge 
measurements would be in place. This is suggested, as some of the areas are 
completely saturated and may represent continuous groundwater discharge areas. This 
may produce not only difficulties in constructing the diversion ditch, but also problems 
in the stability of the ditch. Detailed observations were submitted with a progress report. 
5.0 CONCLUSION AND RECOMMENDATIONS 
The main objectives in the 1995 work, were to address the performance of the polishing 
ponds along with considerations if the pond system is to be expanded. In addition the 
long term stability of the sediments was to be addressed. Although the pond system is 
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at present treating more water than would be expected based on the design criteria used 
during scale up, performace is acceptable during the summer months, in the first year. 
The experimental test on establishing polishing capacity in the OWP have been 
successful, as extensive algal growth has been observed on the peribasket (Plate 6). 
Considerations on optimisation of the design criteria lead to the conclusion that physical 
chemical factors are likely more important to optimize than the design criteria used for 
scale up. Differences in the elemental composition of the precipitates collected in the7 
sedimentation traps and on ;he brush cuttings or the netting, indicated that throughout / 
the system different preciphtion formation processes are taking place. At present all; 
+ 
conditions leading to the formation of precipibtes are not defined. Therefore, to optimize ii 
the zinc removal these factors have to be understood. 
The non-performance of the ponds during the winter months is mainly a function of the ~1 
absence of iron hydroxide precipitation, which in turn is related to oxygen concentrations 
and temperature. Many of the chemical reactions were discussed in 1992 when the 
el 
chemistry of the Buchans water wasjffucidated, but the implications of these reactions 
where not fully realized at that time. 
The evaluations of the stability of the sediments revealed that condtions preva’le in the 
sediment which will lead to bog iron formation. The sediments will not provide a source 
of zinc to the pool water. 
Long term evaluations made in previous years, where effluent concentrations and 
loadings leaving the OEP were predicted were compared to those actually measured 
and they compared well. New projections were made for the year 2000. Based on 
those those projections it was found that the pond system does not need to be expanded 
at the present time. 
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The development of the water chemistry in the Lucky Strike and the combined Drain&e 
Tunnel OWP and OEP systems indicates that in principle most chemical reactions 
leading to the effluent characteristics are understood. The removal process of zinc -1 
depends on particulate formation, which in turn is mainly governed by temperature and 1 
iron oxidation. 
It is recommended that the rates of particulate formation are addressed in 1996. First, 
the existing data need to be analyzed in more detail to design an experiment to be 
carried out in the field to simulate winter temperatures. Sufficient water should be used 
to generate precipitate under controlled conditions which then can be subjected to 
chemical analysis and possibly also SEMlEDX analysis. The results from such an 
e 
experiment would be applicable to all effluents in the Buchans waste manag/nent area. 
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Table la: Construction history of Polishing Ponds 10 to 13 and Polishing Ponds 
14 to 17 from 1993 to1995 
ADDITION OF TREES 
Second addition optimisation none to date 
(1) - Heavy rain 
w - Frozen 
I 
I 
I 
I 
Table 1 b: Dimensions of Polishing Ponds. 
Pool 
Average depth (feet) 1.5 
Surface area Volume 
I 
I 
I 
I 
Table 2a: Projected performance of Polishing Ponds 10 to 13 based on pilot scale 
performance using residence time. 
Proposed Inflow set at 
Performance Performance 
Data Data 
All year Summer 
4.7 4.7 I L/s 
Units 
Total Pond System Volume 
Residence time in system 
Percent Zn removal, 
according to PPI -PP6 data 
6000 6000 m3 
15 15 days 
32 78 Percent 
Table 2b: Projected performance of Polishing Ponds 10 to 13 based on pilot scale 
performance using algal growth rates and [zinc]. 
Fertilizer (Netting, Branch data) 
Average Algal Growth Rate with 
Fertilizer (Netting, Branch data) 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
Table 2c: Actual Performance of Polishing Ponds 10 to 13, 1994 and 1995. 
Performance Performance 
Data Data 
All year Summer 
Units 
1 st year: Flow In/Out 8.5 4.9 L/S 
Load In 10.6 5.3 kg/day 
Load Out 7.3 1 .a kg/day 
Removed 3.3 3.5 kg/day 
31 66 Percent 
2nd year: Flow In/Out 8.8 8.5 L/S 
Load In 9.8 8.8 kg/day 
Load Out 7.6 4.1 kg/day 
Removed 2.2 4.7 kg/day 
22 53 Percent 
Table 3: Theoretical Residence Times of Polishing Ponds 10 to 17. 
1 
I 
I 
I 
3 
I 
1 
[ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I aoie 3a: t~emenra~ ~ompos~r~on OT rerlpnyron tirown on Hlaer arancnes or Nylon lverung 
and Sedimentation Traps in OWP and OEP, 1994 and 1995. 
Netting Sed Trap Branches 
6.130 9,730 2,390 
Ba 1,530 1,320 1,150 
Cd 27 51 32 
cu 848 1,120 1,810 
Fe 84,700 150,000 220,000 
Mn 389 566 552 
Pb 1,920 1,860 3,620 
Zn 9,250 18,500 11,800 
1995 (Assay NC 
Wg, Al 
Ba 
Cd 
cu 
Fe 
Mn 
Pb 
Zn 
5737 
5,370 
729 
100 
2,630 
244,000 
785 
1,630 
15,700 
- 
L - 
455 
46 
347 
288,000 
874 
365 
42.600 
Netting 
5730 
3,390 
397 
45 
434 
291,000 
929 
400 
43,700 
:ed Trap 
5725 
4,490 
653 
25 
261 
165,000 
557 
1,890 
10,700 
5731 5732 5726 
1,720 1,640 1,020 
206 617 211 
120 127 28 
541 617 284 
378,000 382,000 410,000 
1,410 852 1,080 
195 284 240 
50,700 58,000 24,600 
Table 5b: Elemental Composition of Periphyton Grown on Alder Branches or Nylon Netting 
in Polishing Ponds 10 through 16, 1994 and 1995 
1994 lAssay 
ug/gA 
Ba 
Cd 
cu 
Fe 
Mn 
Pb 
Zn 
1995 IAssay N 
Wg, Al 
Ba 
Cd 
cu 
Fe 
Mn 
Pb 
Zn 
pplol PPll PPI 1 
1,330 
33 
94 
15,100 
7,400 
388 
40,600 
617 1,770 
86 53 
462 202 
157,000 51,000 
12,300 11,000 
795 596 
47,600 49,900 
- 
L - 
- 
5748 
2,950 
1,010 
63 
179 
52,400 
8,270 
373 
79,1 
PP12 
ranches 
5740 
5,450 
1,280 
51 
154 
27,200 
10,700 
470 
27,400 
5745 
1,200 
201 
31 
45 
14,000 
3,290 
85 
12,100 
884 
52 
128 
33,200 
12,500 
291 
25,i 00 
PP13 PP13 
603 
63 
135 
66,300 
7,i 00 
260 
28,700 
PP14 
Iranches 
5746 5747 
3,570 1,360 
256 291 
39 65 
137 121 
67,000 40,000 
2,990 4,940 
296 232 
18.600 20,300 
PPI 5 
Iranches 
PP16 
ranches 
5749 
2,530 
759 
93 
134 
42,300 
10,200 
290 
32,200 
Table 5c: Summary of Buchans Periphyton % LOI Data, 1993-95. 
L.0.I. Samale Substrate Sample Date Date 
Location Nd. Placed Retrieved % 
OWP Branch Bundle 
OEP Branch Bundle 09-Jul-95 12-act-95 17 
PPIO Branch Bundle 09-Jul-95 12-Ott-95 42 
PPll Branch Bundle 09-Jul-95~ 12-act-95 40 
PP12 Branch Bundle 09-Jul-95 12-act-95 65 
PP14 Branch Bundle 09-Jul-95 12-Ott-95 30 
PP15 Branch Bundle 09-Jul-95 12-Ott-95 69 
Aw 42 
PP 1 Jelly 01 Sep-69 30-Aug-93 16 
PP 6 Jelly 01 Bep-69 30-Aug-93 31 
PP 10 Jelly 01 -Now92 30-Aug-93 27 
Aw 25 
OEP Periframe 09-Jul-95 12-Ott-95 11 
PP 16 Periframe 09-Jul-95 12-Ott-95 56 
A% 34 
PP 1 Perinet 5 20sJul-93 30-Aug-93 32 
PP6 Perinet 1 20-Jul-93 30-Aug-93 34 
PP 6 Perinet 6 20-Jul-93 30-Aug-93 23 
PP 10 Perinet 1 20-Jul-93 30-Aug-93 30 
PP IO Perinet 2 20-Jul-93 30-Aug.93 32 
PP IO Perinet 3+Fert 20-Jul-93 30-Aug-93 29 
PPIO Perinet 7 20-Jul-93 30-Aug-93 35 
PP IO Perinet lO+Fert 20-Jul-93 30-Aug-93 31 
PP 10 Perinet 11 2o-Jul-93 30-Aug-93 21 
30 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
Table 6: OEP and OWP sedimentation rates, 1990-1995 
# OEP OEP OEP OEP 
OEP OEP OWP 
PERIOD of Outflow Outflow Bottom Bottom Middle Surface 
from to days 
.?m 3m 20 m 20m 10.7m 4m 
‘I _ 
I I 
g/sed.trap 0.1951 0.6451 
20-Sep 22.Ott 32 glm2lday 0.6 
2.1 
I 
Table 7: Water Quality Data for OEP Profile Water Samples Collected 
in April, 1993, and April and October, 1995. 
Location 
weir 
2m 
3m 
4m 
6m 
8m 
lam 
12m 
14m 
16m 
18m 
20m 
Apr-17-93 
18.4 
18.3 
22.7 
23.8 
24.9 
25.7 
21.1 
24.8 
26.9 
27.7 
28.1 
- 
- 
Zinc 
b-W) 
Apr-I 2-95 
15.4 
19.5 
20.2 
Ott-1 o-95 
13.1 
16.7 
17.7 
19.2 
Apr-17-93 
45.8 
41 .o 
29.2 
53.6 
54.7 
49.0 
59.8 
56.2 
70.9 
76.4 
188.0 - 
Iron 
b-w/L) _ 
Apr-12-95 
3.9 
10.6 
6.4 
- 
, 
- 
1.2 
7.4 
30.8 
I 
I 
1 
I 
I 
I 
I 
I 
1 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
Table 8a: Sedimentation and growth rates used in long term 
Table 8b: Physical/chemical parameters used in long term 
I 
I 
I 
I 
I 
I 
Table 9: Long term prediction of system expansion 
Table 10: Comparison of predicted and actual loads 
** - includes 11.4 kg/day from DT 
I 
I 
I 
I 
Table 11: PWP Chemistry in Buchans Polishing Ponds, 1994 and 1995 
Table 12: Chemical composition of spring water and Buchans samples 
* after Harder 1964, James 1969 
l * - as HP03 
Table 13: Chemistry of Waste Rock Pile Seepages, 1994-I 995 
LOCATION 
WRP-A WRP-B WRP-C WRP-D WRP-E WRP-F WRP-G WRP-H WRP-I WRP-J 
Table 14a: Long Term Performance of OWP Limnocorrals. 
Table 14b: Long Term Performance of OEP Limnocorrals. 
s - surface, b - bottom 
I 
I 
I 
3 
I 
I 
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Table 15: Chemistry of samples collected in Hospital Tailings area 
HT.8* is 100 m upstream from HT-8 
HT-8** is 165 m upstream from HT-8 
HT-8*** is 280 m upstream from HT-8 
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Each Node is data for Polishing Ponds 10, 11, 12 and 13 
in succession, unless otherwise annotated. 
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Fig. 4a: % of Zn Load Removed 
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Fig. 4c: Zinc Concentration, 1995 
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Fig. 5: OEP Outflow Flow 
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Fig. 7a: Periphyton and Sed Trap Data 
Zinc versus Iron 
Fig. 7b: Periphyton and Sed Trap Data 
Copper versus Iron 
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Fig. 7c: Periphyton and Sed Trap Data 
Aluminum versus Zinc 
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Fig. 7d: Periphyton and Sed Trap Data 
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Fig. 8a: Periphyton and Sed Trap Data 
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Fig. 9a: OWP Centre Limnology 
1992 to 1995 
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Fig. 9b: OEP Centre Limnology 
1992 to 1995 
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Fig. 11: OEP Average [Zn] 
Annual: Jan, 1989 to Dec. 1995 
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Fig. 12a: PWP Chemistry in PPI and PP6 
August 5, 1994 
Al ’ Ca 
Element 
Fig.12b: PWP Chemistry in PPIO and PPI 3 
September 7, 1994 
I_- ___..-. - ..___.... I -----...-.--.--.----I 
Al Ca p s 
Element m PPlO  PPl3
I 
I 
I 
I 
I 
I 
I 
- 
I 
I 
I 
I 
I 
I 
I 
I 
Fig.12c: PWP Chemistry in PPI ,PPi O,PP14 
October 11, 1995 
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Fig. 13: Acid Mine Drainage 
Idealized Acidity Titration Curve 
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Fig. 14a: Cameco -Up er Link Lake 
Benthic Bell Exp’t giss. [02] 
(= Production, Photosynthesis by Benthic Algae) 
11 
A ‘0 
5 
E 9 
g 8 
w 7 .- 
0 
6 Sediment Oxygen Consumption Rate = 46.3 mglm2lhr 
5 
Time after Placement (min) 
June 22, 1995 
( -a- ~21 Stn 9 --t- TZI -Stn 8 t TZ2Stn 11 
Fig.l4b:Cameco,Lower Link L.; SB Mud L. 
Benthic Bell Exp’t Diss. [02] 
Sediment Oxygen Consumption rate = 23.2 mglm2Ihr 
Time after Placement (min) 
June 23, 1995 
C LLL, W23 -.-.-.k- Mud Lake Enclosure 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
4 
I 
I 
I 
I 
Fig. 14~: Buchans Polishing Pond 10 
Benthic Bell Exp’t Diss. [02] 
Sediment Oxygen Consumption Rate = 6.4 mg/m2/hr 
21 
0 200 400 600 800 1000 1200 1400 
July 12, 1995 Time after Placement (min) 
14 
Fig. t4d: Buchans - Polishing Pond 1 
Benthic Bell Exp’t Diss. [02] 
13- 
12- 
Sediment Oxygen Cc nsumption Rate = 9.65 mglm2lhr 
^ 5i 9- “‘~~~‘~‘~~-~.~~~~~~~.~.~.~-..~~~.~~. 9,
8- 
.. ..-_.. .._.__,__,~_~_,__.__,,,~~_,,,__, 
‘c) q 
2 7- 
E2 
g 6- 
5- 
4- 
3- 
2 0 200 400 600 800 1000 
October 11, 1995 Time after Placement (min) 
1200 1400 1600 
Schematic 1: Lay-out of Biological Polishing Ponds 10 through 13 (Biological 
Polishing System 1) and Ponds 14 through 17 (Biological Polishing 
System 2). 
 
 
No PDF format for Schematic 2-4. 
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I 
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Accumulation of humus 
Schematlc 50: Podsol soil and moblllzatlcn of Iron (from Borchert, 1960). 
2 Fe (HCO,),+ H,O + 0 = 2 Fe (OH)s+ 4 CO2 
Schematlc 5b: Dlagram showlng the development of contlnental Iron ore 
deposits (Bog-ore: from Borcherf, 1960). 
I Tundra qd 
I + Ba” 
Schematlc X: Relation of Iron and manganese In Tundra mllleu solutlons 
(from Borchett, 1960). 
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Schematic 6: Benthic chamber apparatus experimental configuration, 
Schematic 7: Project location map, Buchans, Newfoundland. 
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Schematic 8: Buchans Hospital Area 
Sampling Locations 
Easting, Ft. 




Table Al-i: Summary of Buchans 
Branch Bundle 
Branch Bundle 
Branch Bundle 
Branch Bundle 
Branch Bundle 
Branch Bundle 
Branch Bundle 
PP, Jelly 
PPlO Jelly 
PP, 1 Jelly 
PP12 Jelly 
PP,3 Jelly 
PP2 Jelly 
PP3 Jelly 
PP4 Jelly 
mlishing POI 
‘ate 
laced 
14.Jul-94 
14.Jul.94 
,4-J&94 
14Jul.94 
14.Jul-94 
18.Jul.94 
18.Jul.94 
18.Jul.94 
18.Jul.94 
18.Jul.94 
0, -Sep.89 
01 &p-89 
01.Now92 
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Ol-Jan-94 
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01 -Sep-89 
Id 
7 
f 
I 
- 
Pariphyton 
late 
Wrieved 
17.Aug.94 
17.Aug.94 
17.Au9-94 
17.Aug.94 
17.Aug.94 
06.Sep.94 
06&p-94 
06&p-94 
06.Sep-94 
06.Sep-94 
Da 
I 
13.Jul.94 
13-J&94 
13.Jul.94 
13.Jul.94 
,3-J&94 
13Jul-94 
13Jul.94 
13Jul-94 
13.Jul.94 
13.Jul.94 
13.Jul.94 
Ita. 195 
- 
rime in 
Situ (d) - 
34 
34 
34 
34 
34 
50 
50 
50 
50 
50 
14. - 
I 
- 
! 
- 
1776 
1776 
619 
193 
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193 
,776 
,776 
1776 
,776 
,776 
- 
PWZ.?Ill 
CCPPX - 
100% 
100% 
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100% 
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100% 
100% 
100% 
100% 
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100% 
Dry 
g&j” 
18.000 
14.000 
29.000 
39.000 
17.000 
27.300 
23.600 
21.200 
to.200 
13.800 I- 
I 
- 
16.105 
19.346 
10.152 
1.698 
2.752 
0.305 
18.884 
16,353 
30.924 
28.074 
23.408 
PPIO Periframe 14JUl-94 
I 
17.Aug.94 34 100% 
PPIO Periframe 14Jul-94 17.Aug.94 34 100% 
PPIO Periframe 14JUl-94 17.Aug.94 34 100% 
PPIO Periframe 14Jul-94 17.Aug.94 34 100% 
PPIO Periframe 14-Jul-94 17.Aug.94 34 100% 
OEP Psriframe ,8Jul-94 06.Sep.94 50 100% 
OWP P&frame 18.Jul.94 06.Sap-94 50 100% 
PPI 1 Periframe 18.Jul-94 06.Sep.94 50 100% 
I 
PP12 Periframe ,8-J&94 06.Sep.94 50 100% 
PP13 P&frame 18.Jul.94 06.Sep-94 50 100% 
10.000 
27.OOil 
42.000 
25.000 
24.000 
18.000 
19.700 
31.000 
20.500 
7.100 
l Perinets 0.31 m Y 0.21 m, 2 layers 
** ,989 estimats used: 0.00272 mZ/g (dry) branch 
*** 1994 estimate used: 0.004961 mZ/g (dry) branch 
**** Periframes 0.3 m Y 0.3 m. 0.44 m2 S.A. per m2 netting 
I 
# Standard 1994 Branch Bundle unit weight used: individual weights not available. 
I 
I 
I 
I 
I 
I 
W) 
0.212 *** 
0.212 l ** 
0.212 l ** 
0.212 l ** 
0.212 l ** 
0.212 l ** 
0.212 *** 
0.212 *** 
0.212 *** 
0.212 *** 
werage 
0.037 l * 
- 
rowth 
/mZ/da - 
2.493 
1.939 
4.017 
5.402 
2.355 
2.571 
2.223 
1.997 
0.961 
1.300 
2.528 - 
0.228 
0.563 
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0.76, 
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lh = 
0.019 ** 
0.047 ** 
0.084 ** 
0.163 ** 
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0.014 ** 
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0.017 l * 
0.028 ** 
0.020 ** 1 0.655 1 
iverage 0.455 s 
0.040 l *** 1 7.429 
0.040 **** 20.059 
0.040 l *** 31.203 
0.040 **** 18.573 
0.040 **** 17.830 
AL 
0.040 **** 9.093 
0.040 **** 9.952 
0.040 l *** 16.66, 
0.040 **** 10.356 
0.040 l *** 3.587 
,verage 14.374 g/r 
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ranch 
it (9) - 
42.8 
42.6 
42.8 
42.6 
42.8 
42.8 
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42.8 
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17.2 
30.8 
56.1 
27.5 
5.1 
6.0 
6.3 
10.3 
7.4 
- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Table Al-2: Summary of Buchans 
Sample Treatment 
Location 
PPIO Branch Bundle (M) 
PPlO Branch Bundle (#3) 
PPlO Branch Bundle (#2) 
PPlO Branch Bundle (#‘5) 
OWP Branch Bundle (1) 
OWP Branch Bundle (2) 
OWP Branch Bundle (3) 
OEP Branch Bundle (1) 
OEP Branch Bundle (2) 
OEP Branch Bundle (3) 
blishing POI Periphyton 
iate late 
‘laced letrieved 
14.Jul.94 07.Jul.95 
14.Jul.94 07.Jul.95 
14.Jul.94 07.Jul.95 
14.Jul.94 07.Jul.95 
18-J”l-94 07.Jul.95 
16-JUI-94 07.Jul.95 
1 BJUI-94 07.Jul.95 
18J”l-94 07.Jul.95 
l8J”l-94 07.Jul.95 
18-J”k94 07.Jul.95 
PC 
C 
P 
t 
1 
I 
I 
Ita, 
Time in 
Situ (d) - 
358 
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354 
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354 
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Peroent 
CCWX 
100% 
100% 
100% 
100% 
100% 
100%~ 
100% 
100% 
100% 
100% I 
iubstrate Area =F- 
wt ko 
17.790 
4.500 
18.790 
22.800 
44.950 
60.050 
63.500 
23.150 
40.970 
52.600 
W) 
0.300 *+* 
0.293 *** 
0.291 l “* 
0.233 *** 
0.430 l ** 
0.369 l ** 
0.468 l ** 
0.403 *** 
0.371 *** 
0.430 **= 
- 
jrowth 
3l”Wda - 
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0.043 
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L.O.I. 
% - 
-7 
Y 
f 
PPIZ Branch Bundle 
PPII Branch Bundle 
PPIO Branch Bundle 
PP15 Branch Bundle 
PP14 Branch Bundle 
OEP 1 Branch Bundle 
OEP 2 Branch Bundle 
OWP 1 Branch Bundle 
OWP 2 Branch Bundle 
09J”l.95 12.Oct.95 95 
09J”l-95 12.act-95 95 
09Jul-95 12.Oct.95 95 
09J”l-95 12.Oct.95 95 
09Jul-95 ,2-O&95 95 
09Jul-95 12-O&95 95 
09.Jul.95 12.Oct.95 95 
09.JUI-95 12.act-95 95 
09.U-95 ,2-O&95 95 
L-L 0.345@ 
0.262 glm2lc 
100% 2.500 0.164 l “* * 0.160 65.0% 
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100% 
100% 
3.900 0.401 l “* * 0.102 69.0% 
15.800 0.165 l ** * 1.007 30.0% 
16.300 0.327 l “ ”  * 0.525@ 17.0% 
21.500 0.239 l ** * O.Q48@ 
14.500 0.395 *** + 0.387@ 
100% 1 28.600 1 0.433 *** *I 0.695@ 1 22.0% 
PPlO Periframe (1) 
PPlO Periframe (2) 
PPlO Periframe (3) 
PPIO Periframe (4) 
OEP Periframe (1) 
OEP Periframe (2) 
OEP Periframe (3) 
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14.Jul.94 
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07J”l-95 
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07-J”l.95 
07J”l-95 
07.Jul.95 
07.Jul.95 
07.Jul.95 
12.362 
11.257 
20.008 
22.332 
7.218 
8,762 
11.254 
0.040 **** 
0.040 l *** 
0.040 **** 
0,040 l *** 
0.040 **** 
0.040 l *** 
0.040 **** 
1.412 
1.576 
0.515@ 
0.625@ 
0.942 g/m2/c 
PP14 
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09Jul-95 
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100% 
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I
I 
42.890 
9.850 
10.200 
1.690 
1.630 
1.900 
15.310 
14.600 
0.040 l *** * 11.404 
0,040 **** * 2.619 56.0% 
0.040 **** * 2.712 
7-r 
0,040 l *** * 0.449 
0,040 **** * 0.433 
0.040 l *** l 0.505 
0.040 **** * 4.071@ 11.0% 
1 0.040 l *** *I 3.882@ 1 
3.259 glm2lc 
WP IBranches.Peribasket 1 OQJUI-95 1 12.Oct.95 1 95 1 100% 1 10.150 I 0.168 *** I 0.635 1 
* Perinets 0.31111 0.21 m, 2 layers x 
l * 1989 estimate used: 0.00272 m2/g (dry) branch 
*** 1994 estimate used: 0.004961 m2/g (dry) branch 
**** Periframes 0.3 m x 0.3 m. 0.44 m2 S.A. per m2 netting 
# Standard 1994 Branch Bundle unit weight used: individual weights not available. 
@ Values used for system calculations 
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94.3 
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EFFECTS OF RECENT MODIFICATIONS 
OF BUCHANS DRAINAGE SYSTEMS 
1. INTRODUCTION 
According to available records, recent changes made in the drainage systems at the Buchans 
mine site include: 
a- filling of the Lucky Strike Pit (LSP) by syphoning of water from Tailings Pond #l 
(TPl), between 9 August 1992 and 18 November 1994; 
b- establishing a surface connection from the Oriental West Pit (OWP) to the Oriental 
East Pit (OEP) in June (?) 1993; 
C- pumping of discharge from the Drainage Tunnel (DT) to the OWP, started on 27 
September 1994, after several trial runs between 1 July and 13 September 1994. 
In this report the available monitoring data, and chemical analyses of samples collected at 
irregular intervals from the various monitoring points, are used to try and identify the effects 
of the above changes. 
2.TAILINGS POND #l 
Zinc Concentrations 
Figure 1 shows [Zn] values for the five-year period 1990-1994. Annual averages decreased 
gradually from 1.91 mg/L to 1.38 mg/L. 
3. LUCKY STRIKE PIT 
Zinc Concentrations 
Figure 2 shows [Zn] values for the period 1990-1994. Annual averages decreased from 21.1 
mg/L in 1990 to 10.7 mg/L in 1993, increasing to 13.9 mg/L in 1994. It should be stressed 
here that the averages for 1993 and 1994 are affected by the limited number of 
measurements. 
The apparent increase in the average [Zn] value for 1994 cannOt be the result of mixing of 
the original LSP and TPl waters, because of the much lower [Zn] value for the TPl water 
(Fig. 1). It may, however, reflect increased oxidation of available sulfide minerals by the 
addition of aerated water. 
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Figure 3 presents a comparison of [Zn] values for TPl, LSP, and DT waters. The three 
short horizontal lines in the graph indicate the periods during which TPl water was syphoned 
into LSP. Further comparison of Figures 2 and 3 suggests that the ‘usual’ increase in [Zn] in 
the LSP pond during the summer and fall was at least temporarily reversed in August 1992 
when syphoning started. Similar effects can be seen at the start of syphoning in 1993 and in 
1994, although they are less obvious, due to the lack of regular bi-weekly monitoring of [Zn] 
values for LSP during those years. 
Chemical Analvses 
Figure 4 shows metal and sulfur concentrations from the analyses for the five available LSP 
samples; Figure 5 demonstrates the apparent variations in the metal and sulfur concentrations 
over time. The differences between the April ‘89 and July ‘91 samples reflect primarily 
seasonal variation in concentrations, due to varying degrees of dilution with snowmelt runoff 
and rainfall. The analyses for the three samples of April ‘95 indicate the increases in metal 
and sulfur concentrations with increasing depth. 
Figure 6 shows the progressive increase in waterlevel in LSP over the period 1990 -1994. It 
reflects a combination of slow natural increses in waterlevel, and rapid increases due to the 
syphoning from TPl during 1992, 1993, and 1994. The last part of the curve shows a slight 
drop in waterlevel by July 1995, suggesting that the waterlevel currently is close to the 
‘natural’ level. The second curve in Figure 6 indicates cumulative inflow calculated from the 
available data on evaporation, precipitation, pond-water level, and corresponding (partly 
estimated) area of the pond. 
Figure 7 shows changes over time for the waterlevels in LSP and in five diamond drill holes 
in the vicinity of the pit. Gradual increases in the waterlevels in DDH 3325 and DDH 3341 
are clearly related to the increase in LSP waterlevel; the relationship is less obvious for the 
other three drill holes. 
Figures 8 and 9 illustrate the increases in waterlevels for the pond and the various drill holes 
in two cross-sections through the pit. It should be noted that the widths of the pond in these 
sections are estimated only, and that the waterlevels in the spaces between the pit and the 
drill holes would likely not follow straight lines, but be curved. 
Before syphoning started, and during intervals when syphoning was stopped, natural 
groundwater movement towards the pond supplied the water to increase the saturated ground 
volume. During the syphoning from TPl, the saturated ground volume would have been 
increased partly by percolation of water from the pit, and partly by natural groundwater 
movement from around the pit. 
2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
4. DRAINAGE TUNNEL 
Zinc Concentrations 
Figure 10 shows [Zn] values for the period 1990-1994. Annual averages decreased from 19.6 
mg/L in 1990 to 16.2 mg/L in 1994. There is no conclusive evidence of an effect on Zn 
concentrations from the filling of LSP. The [Zn] values for DT show rather wide variations 
during the later part of 1994, which may be a reflection of infiltration from heavy rains. 
Chemical Analvses 
Figure 11 shows metal and sulfur concentrations from the analyses for four of the six 
available samples. Figure 12 shows the variations over time for the various metals and sulfur 
using all six samples. The analysis of the 22/08/91 sample was left out of Figure 11 because 
of its high detection limits; the analysis of the second sample of 06/04/93 was left out 
because it was a duplicate. The most striking change demonstrated by the graphs is the 
absence of Al and the strong decrease in [Mn] values in the later samples. 
Discharge and Pumning Rates 
Figure 13 presents plots of the DT discharge rate and the LSP waterlevel for the period 
1990-1994. The overall increase in DT discharge rate during the later part of 1994 appears to 
be correlated with the rise in LSP waterlevel during the same period. However, the late 1994 
change in DT discharge rate falls well within the earlier range of variation shown by the 
discharge rate. 
Pumping rates from DT to OWP, calculated from the data on total volume pumped 
(measured by two meters) are shown in Figure 14. It is not known whether the differences 
between the curves for the two meters represent losses from the pumping system, or 
differences in the calibration for the two meters. 
5. ORIENTAL WEST PIT 
Zinc Concentrations 
Figure 15 shows [Zn] values for the period 1989-1994. Annual averages decreased from 42.2 
mg/L in 1989 to 17.6 mg/L in 1994. The rate of decrease in [Zn] appears to have 
accelerated in 1994, after slowing down in 1993. This could well reflect the addition of DT 
discharge (with an average [Zn] value of between 16 and 17 mg/L) to the OWP, which 
started in September 1994. It should be stressed, however, that the average [Zn] values for 
OWP for the last couple of years are affected by the lack of regular bi-weekly monitoring of 
[Zn] values during those years. 
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6. ORIENTAL EAST PIT 
Zinc Concentrations 
Figure 16 shows [Zn] values for the period 1989-1994. Annual averages decreased from 42.2 
mg/L in 1989 to 16.4 mg/L in 1994. The rate of decrease in [Zn] values appears to have 
accelerated slightly in 1994, but not as much as for OWP (see Figure 15). 
Figure 17 presents a comparison between [Zn] values for the DT, OWP, and OEP waters for 
1993 and 1994. The heavy horizontal line represents the period when discharge was pumped 
from DT to OWP. The graph demonstrates that [Zn] values for the waters in both pits were 
already close to those for the DT discharge when the water transfer was started. 
Chemical Analvses 
Figure 18 shows metal and sulfur concentrations from analyses for six of the available 
samples from OEP. Figure 19 shows the variation over time in the concentrations of the 
various metals and sulfur. 
Discharge Rates 
Figure 20 presents a comparison of the DT and OEP discharge rates (and the LSP 
waterlevel). Three heavy horizontal lines just above the 700 level in the graph indicate the 
periods when TPl water was syphoned into LSP; the single heavy horizontal line below the 
100 level in the graph indicates the period when DT water was pumped into OWP. The 
graph appears to show increased discharge from OEP as a result of the pumping from DT. 
The increased discharge may in part reflect increased surface runoff (and groundwater 
discharge) resulting from increased precipitation. Figure 21 shows monthly rainfall and 
snowfall data for the period from January 1991 to July 1995. Values above the curves 
represent total annual precipitation for each year. The plots indicate that total precipitation in 
1994 exceeded that in the three preceding years by at least 189 mm. 
A combination of snowmelt runoff and peak rainfall during May 1993 likely accounted for 
the record discharge rates recorded for OEP during April and May 1993. 
7. SEEPS 
Chemical Analyses 
Figure 22 presents [Zn] and [Fe] values for samples from several seeps in the Mucky Ditch 
drainage area (HT.2 to HT-SB). The [Zn] values for HT-2, HT-8, HT-SA, and HT-8B are 
much higher then those for LSP (between 10 and 20 mg/L), suggesting that the chemical 
composition of these seeps represents oxidation of sulfide minerals in ore or spilled tailings. 
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Complete analyses of water from these seeps would be needed to confirm this. Following 
that, continued monitoring, of both discharge rates and [Zn] values, would be needed to 
determine whether flows and/or Zn concentrations increase with time. 
Figure 22 also presents data for several seeps along the S and SE margins of the waste-rock 
pile (WRP-A to WRE-F), and along Buchans River (WRP-G to WRPI). The elevated Zn 
content must be derived from oxidation of sulfide minerals present in the waste rock. Where 
earlier samples were analysed (WRP-A to WRP-D, and WRPF), the [Zn] values show an 
increase over time. At present it is not known whether this represents a seasonal variation or 
a progressive trend. Only continued regular monitoring can provide information to answer 
that question. 
Figures 23 and 24 show metal and sulfur concentrations for analyses of samples from: three 
seeps near the DT pumphouse; the Mucky Ditch at Culvert and at River; and the Pool 
Spring; they can be compared with concentration values for three levels in the LSP pond, 
and for DT and OEP discharges. The [Zn] and [S] values for the seeps near the pumphouse 
fall between those for the 5ft and 94ft levels of the LSP pond; the [Zn] values for the Mucky 
Ditch samples fall within the range for the 5ft and 65ft levels in LSP; and the [Zn] value for 
the Pool Spring is much lower. Unfortunately, no S or SO, values are available for the 
Mucky Ditch and Pool Spring samples. 
8. CONCLUSIONS 
1. 
2. 
3. 
4. 
5. 
6. 
The apparent increase in the average [Zn] value in LSP for 1994 likely reflects 
increased oxidation of available sulfide minerals by the addition of aerated water from 
TPl. 
The ‘usual’ increase in [Zn] in the LSP pond during the summer and fall was at least 
temporarily reversed in August 1992 (and in following years) when syphoning from 
TPl started. 
The waterlevel curve for LSP shows a slight drop in waterlevel by July 1995, 
suggesting that the waterlevel currently is close to the ‘natural’ level. 
Gradual increases in the waterlevels in DDH 3325 and DDH 3341 are clearly related 
to the increase in LSP waterlevel; the relationship is less obvious for the other three 
drill holes. 
There is no conclusive evidence of an effect on [Zn] values in DT discharge from the 
filling of the LSP. 
The overall increase in DT discharge rate during the later part of 1994 appears to be 
correlated with the rise in LSP waterlevel during the same period. However, the late 
1994 change in DT discharge rate falls well within the earlier range of variation 
shown by the discharge rate. 
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7. 
8. 
9. 
10. 
11. 
The rate of decrease in [Zn] in the OWP appears to have accelerated in 1994 (after 
slowing down in 1993). This likely reflects the addition of DT discharge. 
The rate of decrease in [Zn] values in the OEP also appears to have accelerated 
slightly in 1994, but not as much as for OWP. 
Discharge from the OEP increased as a result of the pumping from DT into OWP and 
overflow from OWP to OEP. The increased discharge rate may in part reflect 
increased surface runoff (and groundwatcr discharge) resulting from increased 
precipitation during 1994. 
The high [Zn] values for HT-2, HT-8, HT-8A and HT-8B suggest that the chemical 
composition of these seeps represents oxidation of sulfide minerals in spilled tailings. 
The [Zn] and [S] values for the seeps near the pumphouse suggest that they may be 
related to the LSP or DT drainage. 
9. RECOMMENDATIONS 
For future interpretation of the possible relationships between the various seeps in the 
Buchans area and the recent changes made in the various drainage systems, the following 
should be done. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
A map showing the locations of&l the seep sample sources and the three pits should 
be provided. 
The LSP and OWP should be put back on the b&weekly monitoring schedule. For the 
OWP the sample point should be the overflow to the OEP. 
All seeps in the Mucky Ditch drainage, and the Pool Spring, should be sampled for 
complete analysis at a time when there is minimal dilution by other surface runoff, 
and the usual field measurements hould be made at the same tune. 
All seeps in the drainage south of the DT pumphouse should be sampled for complete 
analysis at a time when there is minimal dilution by other surface runoff, and the 
usual field measurements hould be made at the same time. 
All seeps in the Mucky Ditch drainage, in the drainage south of the DT pumphouse, 
and those from the waste-rock pile along the Buchans River should be put on the 
regular monitoring schedule. 
Discharge measurements at monitor points should be made as accurate as possible. 
Syphoning of water from TPl to LSP should remain on hold until it can be 
determined whether or not the “natural” level has been reached. 
6 
I 8. Monitor data for 1995 should be added to the digital files used to produce the graphs 
in this report, to enable further interpretation. 
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R. 0. van Everdingen 
2 October 1995 
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Fig. 3: Buchans, Nfld. 
ZINC Concentrations 
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Fig. 7: Buchans, Nfld 
Lucky Strike Pit and DDH -Water Levels 
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Fig.9: Buchans, Nfld 
Lucky Strike and DDH Cross-Sections 
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Fig. 13: Buchans, Nfld. 
DT Discharge vs. LS Water Level 
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Fig. 14: Buchans, Nfld. 
Drainage Tunnel Pump Rate 
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Fig. 17: Buchans, Nfld. 
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Fig. 18: Buchans, Nfld. 
Oriental East Pit Water 
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Fig. 19: Buchans, Nfld. 
Oriental East Pit Water 
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Fig. 20: Buchans, Nfld. 
DT and OEP Discharge and LS Water Level 
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Fig. 22: Buchans, Nfld. 
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